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CHAPTER 3 
 
   
RESEARCH METHODOLOGY 
 
 
3.1  INTRODUCTION 
 
The present research centres on both experimental work and numerical 
modelling. The experimental work focuses on the addition of kenaf fiber in OPS-RC 
reinforced concrete beams under laboratory conditions. The results obtained from the 
experimental work were used to calibrate the numerical model before further parametric 
studies are carried out. Figure 3.1 shortly explains the methodology of this research. 
  
  
 
  
 
 
   
  
  
 
 
 
Figure 3.1: Research methodology 
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3.2  EXPERIMENTAL WORK 
 
The experimental work begins with the preparation of the OPS-KFRC beam 
materials. The main materials used in this investigation are OPS as aggregate and kenaf 
as fiber into the mixture. The OPS were provided from a local factory and the kenaf 
fiber provided by the supplier whilst other required materials are readily available in the 
laboratory. Formwork and reinforcement (primary reinforcement and stirrups) were 
prepared for five beams. Consequently, three types of mixtures with three various 
volume fractions of fibres (Vf = 0 %, Vf = 1% and Vf = 2 %) prepared, for casting of 
beams. The concrete beams were removed from the wood forms after‍seven days of the 
casting time. This was followed by the curing process of the OPS-KFRC beams by 
covering them with wet bags as well as by watering them daily. Two strain gauges 
positioned at the middle of shear span of beams by 45 degrees and one strain positioned 
at the bottom of mid-span of the beam for‍shear strain and bending strain respectively. 
The mid-span displacement was measured by positioning linear variable differential 
transducers (LVDT) at the centre of each beam. Subsequently four points bending test 
for all beams were arranged and tested.  Finally, the influence of kenaf fiber towards the 
OPS-RC beam under laboratory condition was studied. 
  
3.2.1  Concrete Mixture 
 
Table 3.1 shows three sets of concrete mixture proportions for all the five 
beams. The mixtures have different volume fraction of kenaf fiber prepared namely, Vf 
= 0 %, Vf = 1 %, and Vf = 2 % respectively. In this investigation, the OPS aggregates 
were used as full replacement for the conventional aggregates in the customised 
manufactured lightweight concrete. All mixes possess 510 kg/m
3
 cement, 848 kg/m
3
 
sand, 308 kg/m
3
 OPS and 1.4 litres‍ super-plasticizer per 100 kg cement with a 
water/cement ratio of 0.4. This mix proportion was selected throughout the entire 
investigation.  
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Table 3.1: Proportion of materials for OPS-KFRC beams (Teo et al. 2006) 
   
Concrete (OPS) Mix 1 Mix 2 Mix 3 
Ingredients  kg/m
3 
kg/m
3 
  kg/m
3 
Ordinary Portland Cement  510 510 510 
Fine aggregate (sand) 848 848 848 
Coarse aggregate (OPS) 308 308 308 
Super plasticizer (SP) 20.4 20.4 20.4 
Water 204 204 204 
Kenaf fiber (%) 0 1 2 
W/C ratio  0.4 0.4 0.4 
 
Figure 3.2 shows a flowchart of experimental work adopted for the laboratory 
investigation. Firstly, formworks were prepared for all five beams. Then, concrete 
mixtures with three different fiber volume fractions Vf = 0 %, Vf =1% and Vf = 2 % of 
kenaf fiber and two distinct arrangement of shear reinforcement, full shear 
reinforcement SI = 0 % (i.e. shear reinforcement spacing = 100 mm) and reduced in 
shear reinforcement SI= 100 % (i.e. shear reinforcement spacing = 200 mm) were 
prepared. The beam with full shear reinforcement without fibre (SI = 0 % and Vf = 0 %) 
denoted as a control beam which is designed to fail in shear based on Eurocode-2 (refer 
to Appendix-A). Subsequently, the curing process was performed for 56 days until the 
OPS-KFRC beams are fully hardened as suggested by Teo et al. (2006). Finally, a four-
point bending test was conducted on all the beams. The load-deflection curves, load 
strain curves, as well as the  failure mode of the beams,  are plotted.  
 
